The facile determination of erythro/threo ratios of sphingolipid bases without trimethylsilyl groups was made using synthetic Cn-dihydrosphingosines (1) (n=12, 14 and 16) as standard substances. The erythro/threo isomers of (1) could be separated on a normal phase HPLC column using N, O, O-triacetyl and N-acetyl derivatives of (1) [ (2) and (3)], and on a GLC column (polyethylene glycol 20 M) using (2). The erythro content of (1) determined by the present methods showed good agreement, and with that by previously reported GLC methods using the trimethylsilyl derivatives of (1) and (3). Deuterium content of synthetic 2-d-Cn dihydrosphingosines can be determined using GC-MS based on the present GLC method.
Introduction
The chemical synthesis of sphingolipid bases such as Cn dihydrosphingosines (1) and Cn sphingosines is inevitably accompanied by the formation of a mixture of erythro and threo isomers''. Thus, convenient methods are required for the determination of erythro/threo ratios in this field.
The erythro/threo separation of the bases was done on GLC columns such as SE-30, OV-17, and OV-1. The suitable compounds are N-acetyl 0-TMSZ''3' and N, 0-TMS3' derivatives*'. In the previous paper4', we reported that N-acyl 0-TMS derivatives, which were easily prepared by the reactions between 0-TMS derivatives of the bases and the corresponding acid anhydrides, could be used for determination of the erythro/threo ratios. The above methods require the trimethylsilylation of the bases and/or their derivatives.
In the previous papers', it was demonstrated that the erythro/threo separation of synthetic (1) (n=10 and 12) could be performed by reverse phase HPLC. This had an advantage of determining the erythro/threo ratio of (1) and N-acetyl-(1) without trimethylsilylation, however , a disadvantage of long retention times for the analysis of (1) and N-acetyl-(1) with long carbon chain .
In the present paper, we selected (1) (n=12, 14, and 16) and studied the erythro/threo separation by normal phase HPLC and GLC to prove rapid and convenient methods for the determination of the erythro/threo ratios of (1) without trimethylsilylation.
Furthermore, the latter method was applied to the determination of deuterium contents of synthetic 2-d-Cn dihydrosphingosines (1-d) (n =12, 14, and 16) by GC-MS.
(1)
(1-d) a: R= n-C9H19, b: R= n-C11H23, c: R= n-C13H27 (1) [mixtures of DL-threo-and DL-erythro-(1) ] , N, 0, 0-triacetyl and N-acetyl derivatives of (1) [ (2) and (3) (1) (1-1.5 mmol ), pyridine (5 mL ), and acetic anhydride (2 mL) was left at room temperature for 15 -24 h. To the cooled solution was added 30 mL of cold water and the resulting mixture was stirred at room temperature for 7 h. Then, the compounds were extracted with three 30 mL portions of chloroform. The combined extracts were successively washed with two 30 mL portions of water, three 30 mL portions of 10 % hydrochloric acid, two 30 mL portions of water, three 30 mL portions of 1 M sodium carbonate and three 30 mL portions of water, dried over anhydrous sodium sulfate, and evaporated to dryness, giving the desired N, 0, O-triacetyl derivative (2) (Yields exceeded 95 %), which was recrystallized from n-hexane. Mps : DL-threo-(2 a) 35.36°C, DLthreo-(2 b) 47.48°C, DL-threo-(2 C) 55--56°C. 2.3 Analytical methods GLC analyses were performed by the Hitachi 263-80 Gaschromatograph equipped with a FID. Column : Chemipak A (diatom earth chemically bonded with polyethylene glycol 20 M, purchased from Gasukuro Kogyo), 100120 mesh, 2 m column temperature : 150-.250°C programed with an increase of 3 or 10°C/min ; flow rate of He (carrier) : 50 mL/min, and injection temperature 240°C. The analyses of the TMS derivatives were carried out by the previously reported method3'. HPLC analyses were done by the JASCO Twincle High Pressure Liquid Chromatograph equipped with the UVIDEC-100-f variable wavelength UV monitor (JASCO).
Column : FineSIL-5 (particle size : 5 sum), 4.6 X 250 mm; mobile phase : n-hexane containing 3-10 vol % of ethanol ; detection wavelength : 210 or 220 nm, and flow rate : 1-2 mL /min. GC-MS analyses were performed by the JEOL D-300 GC-MS. Ionization voltage : 70 eV. The analyses were carried out using the same columns for GLC.
Results
3.1 Separation of DL-threo-(1) and DLerythro-(1) by Normal Phase HPLC The erythro/threo separation of free base (1) by normal phase HPLC was examined using nhexane containing 20 vol % of ethanol as mobile phase. No satisfactory resolution and reproducibility were observed. This may be due to high polarity of the free amino group in (1). Therefore, the separation was attempted by using N, 0, 0-triacetyl and N-acetyl derivatives of (1) [ (2) and (3) ] as the substrates.
a: R= n-C9H19, b: R= n-C11Ha3, c: R= n-C13H27. 311
The erythro/threo separation of (2) Normal phase HPLC of (2) was performed using n-hexane containing 3-10 vol % of ethanol as mobile phase. The representative result was illustrated in Fig. -1 , which showed good separation of erythro-(2) and threo- (2) , and that the former isomer was eluted faster than the latter. The similar tendency was observed for the other triacetates as shown in Table- 1. The elution rate was in the order of (2 c) >(2 b) >(2 a) for both isomers and erythro> threo (a> b means that com- pound a was eluted more rapidly than compound b in the present paper), i. e., the shorter carbon chain in (2), the longer retained. The separation factor (a) was about 1.10--1.15 for (2).
.2 The erythro/threo separation of (3)
Normal phase HPLC of (3) was also examined using n-hexane containing 5-10 vol % of ethanol as mobile phase. As shown in Fig, -2 , the threo isomer was eluted more rapidly than the erythro one and also the smaller CN in (3), the longer retained. The value of a decreased with increasing the ethanol content in mobile phase (Table-2 ). The retention volumes of (3) were larger than those of (2) as expected (Figs. -1 and  2, and Tables-1 and 2 ).
The N-acetylation of (1) by acetic anhydride in the loope injector was attempted. i, e., after the injection of free base (1), excess acetic anhydride was injected and then the compounds were eluted.
This method proved that the Nacetylation was almost complete (>95%), which was confirmed by HPLC analysis . The products were also determind by GLC and GC-MS as the 0-TMS derivatives.
Separation of DL-threo-(2)
and DLerythro- (2) by GLC GLC analysis was carried out by using Chemipak A• Although free base (1) and N-acetyl derivative (3) were undetectable by GLC, the triacetate (2) was detected, and a good erythro/threo separation was observed as shown in Fig, -3 . 3.3 Determination of erythro/threo Ratio of Synthetic (1) and (1-d ) The results of the normal phase HPLC for (2) and (3), and GLC for (2) was applied to the Table-1 Relative retention volumes (Vr) and separation factors (a) for the normal phase HPLC of (2).
. b) The ethanol content in mobile phase. Table-2 Relative retention volumes (Vr) and separation factors (a) for the normal phase HPLC of (3).
b) The ethanol content in mobile phase . determination of erythro/threo ratios of synthetic (1) and (1-d ), which were compared with those determined by GLC using N-acetyl 0, 0-bis-TMS and N, 0, 0-tris-TMS derivatives of (1) . No significant differences were observed among the present and the previously reported methods (Table-3) , and the erythro contents of synthetic (1) and ( The deuterium contents of (1-d) were calculated from the intensities at M-132, and those of the TMS derivatives were calculated from those at M-103, which was formed by the cleavage between Cl and C2. A good agreement was shown between both methods and the deuterium contents of (1 a-d ), (1 b-d ) , and (1 c-d) were 65-67, 55-57, and 49.52 %, respectively (Table-4).
Discussion
It is very remarkable that erythro/threo separation of (1) could be performed without trimethylsilylation by normal phase HPLC as (2) and (3), and GLC as (2) (Figs. -1 and 2 , and Tables-1 and 2 ). Furthermore, the former had an advantage of shorter retention volume than that by the previously reported reverse phase HPLC5'.
The erythro/threo ratios of (1) calculated by the present methods agreed each other, and with those determined by the previously reported GLC methods using the TMS derivatives (Table-3 ). This fact suggests that the present methods are reliable for the quantitation of the ratios. The N-acetylation of amino group in (1) could be done in the injection loope of HPLC by using excess acetic anhydride (in n-hexane containing ethanol). It is reported that the amino group of sphingolipid base can be N-acetylated by acetic anhydride in methanol to give the corresponding N-acetyl derivative2a', because the nucleophilicity of the amino group is stronger than that of the hydroxy groups. This is the case.
The deuterium contents of (1-d) estimated by GC-MS using (2-d) showed good agreement with those using the TMS derivatives. This suggests that the present method is able to be extended to the determination of the deuterium content of
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